This paper employed an Interval in the detection of fire outbreak using environmental parameters. Fire outbreak data capturing device (FODCD) is developed and used in capturing environmental parameter values. The FODCD is comprised of DHT11 temperature sensor, MQ-2 smoke sensor, LM393 Flame sensor, and ESP8266 Wi-Fi module connected to Arduino nano v3.0.board. An android application is developed using Android Studio 3.0 to test the functionality of the system. Experimental result indicates that, with the temperature value of 40.657 o C, Smoke value of 77.86%, and Flame value of 762.95ppm (part per million), with a threshold T = 0.8, the IT2FL predicted fire outbreak at 0.778 (78%). IT2FL is evaluated using the True Positive Rate (TPR), False Positive Rate (FPR), Accuracy, Error Rate (ER), Precision, and Recall performance metrics. The performance result shows that, the system performs optimally when threshold T is kept between an optimal range of 0.8 and 0.85.
INTRODUCTION
In recent years, there is great interest in Fuzzy Control (Ross, 2004) . The growing popularity of fuzzy control can be attributed to the ability of Fuzzy Logic controllers to provide a vehicle whereby engineers can incorporate human reasoning in the control algorithm. Fuzzy control is a control method based on fuzzy logic (Jantzen, 1999) , (Bezdek, 1993) . The design of a fuzzy logic system is not based on mathematical modeling process rather it is a non-linear mapping based on expert system process called fuzzy inference. Type-2 Fuzzy logic has the capacity to minimize the effect of uncertainties unlike type-1 fuzzy logic systems (Hagras, 2007) , (Wu and Tan, 2006) . Fuzzy logic was introduced by Zadeh in 1965 (Zadeh, 1965) . Fuzzy Logic is an expert system algorithm that extends the conventional two-valued logic by adding the intermediate values between absolute true and absolute false. A Fuzzy Logic System (FLS) is a non-linear mapping of an input (fuzzy variables) data into an output data (called crisp output). The objective of fuzzy logic is to map crisp input into crisp output (Chu, 2010) . Fuzzy logic-based controller's design implements human reasoning that is programmed into membership functions, fuzzy rules, and fuzzy inference.
Fuzzy controllers are able to replace human experts by making effective decisions on the basis of linguistic information such as linguistic variable, and linguistic terms. One of the applications of fuzzy controller is in the area of fire outbreak detection. Fire can be defined as a combustion process resulting in light, smoke, heat, flame and various hazardous gases (Sharma, 2016) . The three major components of fire are Heat, oxygen and fuel. The proportion of these three components determines the nature of the fire (Sowah, 2014) . Although fire contributes to the development of human society and used for a lot of applications such as cooking, manufacturing and other processes, when fire is out of control (called fire hazard or fire outbreak), this can cause serious effect to human life as well as damage to properties. Fire outbreak can also play a role in damaging our ecological environment.
Fire outbreak detection is the process of sensing of one or more phenomena resulting from fire such as smoke, heat, infrared light radiation or gas. Fire outbreak detection is the act of monitoring environmental properties that could lead to fire outbreak and alerting user of potential fire disaster. In the manual process of fire outbreak detection, fire outbreak is detected by visual observation which is a hazardous job and can put the life of a human being in danger. Thus, in order to detect and prevent fire hazard, an intelligent controller for fire outbreak detection based on interval type-2 fuzzy logic algorithm is developed. By outsourcing the task of fire outbreak detection in fire-prone areas of a room to this system, fire accident, loss of properties, and loss of lives could be avoided. Traditional fire outbreak detection system uses smoke detectors which is less reliable and results in false alarms. In the traditional system, these fire detectors are unable to respond quickly and reliably in hazardous conditions (Mobin et al, 2016) . In (Saeed et al., 2018) , a wireless sensor network is proposed using multiple sensors for detecting early house fire.
Unlike the traditional fire outbreak detection devices, this work is based on the design and development of a fire outbreak data capture device for automatic fire outbreak detection by interfacing an interval type-2 fuzzy logic approach in order to reduce false alarms and increase the reliability of the entire system. The system uses an Arduino nano microcontroller unit with smoke sensor, temperature sensor and flame sensor as the detection devices. The system collects the data from sensors and passes into an Interval Type-2 Fuzzy Inference system. Compared with existing fire detection systems, the system can reduce the false alarm rate and reduces the chances of missing fire outbreak detection. The fire outbreak detector can provide continuous monitoring of flammable. Based on these decisions, the system can identify the occurrence of fire outbreak conditions. To avoid unwanted and missing fire alarms, a Mamdani type fuzzy inference mechanism is employed (Hassan et al, 2013). This mechanism provides higher accuracy. In (Singh et al., 2017) , an investigation on fire alarm is carried out. The study employed telecommunication technology in real-time detection, capturing and monitoring fire. The system explores two controllers to sends signals to GSM and to turn-on the screen. Arduino board is used and programmed to connect and trigger automatically. In Sarwar et al., (2018) , fuzzy logic approach is employed to design an intelligent fire monitoring and warning system (FMWS). The study is built based on tiny, low cost, and very small in size sensors technology. The system is able to identify the true existence of dangerous fire, thus, send alert to fire management system (FMS). Sowah et al use fuzzy logic approach in the design and implementation of a fire detection and control system for automobiles.
Fuzzification is the conversion of raw input values (crisp input) into fuzzy set using linguistic variables and fuzzy membership function (Mendel, 1995) . Linguistic variables can be categorized into input variables or output variables. The values of these variables are in the form of words or sentences, rather than numeric values (Mendel, 1995) . After this process, an inference will be made based on decision rules. This produces an interval type-2 fuzzy set, which are reduced to a type-1 fuzzy set by a type reduction method called the Karnik Mendel algorithm. Now the fuzzy output is obtained using the process called defuzzification. The output of defuzzification (called the crisp output) will be used with an activation function to make decision about potential fire outbreak. The interval type-2 fuzzy controller will be implemented using Android Studio, XML and Java programming language for android devices. The system will be tested experimentally on real world data from fire outbreak data capture device (FODCD) connected to a microcontroller unit.
PROPOSED FRAMEWORK FOR FIRE OUTBREAK DETECTION BASED ON INTERVAL TYPE-2 FUZZY LOGIC
A Framework for Fire Outbreak Detection Based on Interval Type-2 Fuzzy Logic Algorithm monitors fire outbreak situation via the use of temperature sensor, smoke sensor and flame sensor attached to an Arduino nano microcontroller unit. The system extracts the data from these sensors and transmits them via an ESP8266 Wifi module to an Interval Type-2 Fuzzy Logic controller module running on an android device. The extracted data (input parameters) are then fuzzified (i.e. converted to an interval type-2 fuzzy set). This fuzzy set is passed to an inference engine which evaluates the fuzzy set against the rules in the rule base and produces another type-2 fuzzy set. The fuzzy set produced during inference is reduced to type-1 fuzzy set via Karnik-Mendel type reduction algorithm. The reduced set is then defuzzified to give a crisp output. The system framework that depicts the above description is presented in Figure 1 . The Arduino Nano V3.0 micro chip is used to interface all the system peripherals (sensors, WIFI module). The MCU serves as the brain of the data capture device. Its main function is to read parameter values from the connected sensors and send same to the IT2-Fuzzy Logic module via an ESP8266 WIFI module. The Arduino board is presented in Figure 5 ; The IT2FL Controller Module maps the crisp input gotten from the three sensors into a defuzzified value used in predicting the occurrence of fire outbreak. The controller module is implemented as an android application.
FIRE OUTBREAK DATA CAPTURE DEVICE
The fire outbreak data capture (FODCD) is a device developed for the purpose of this work. This device is comprised of -Temperature Sensor, Smoke Sensor, Flame Sensor and an Arduino Microprocessor board. The Fire outbreak data capture device provides the input parameter values used in testing the performance of this system. The schematic diagram in Figure 6 shows the hardware components used in this work, their pin connection, and relationship between each of the components. The pins of the schematic diagram is described in Table I ; The device prototype is designed based on the schematic diagram above. Breadboard design is used to connect the necessary components of the device together. This helps in testing and debugging of the device before the final soldering is done. The prototype of the fire outbreak data capture device is presented in Figure 7 ; 
INTERVAL TYPE-2 FUZZY LOGIC ALGORITHM FOR FIRE OUTBREAK DETECTION
This work uses the interval type-2 fuzzy logic (Liang and Mendel, 2010) controller adopted from Khule and Jangle (2017). The interval type-2 fuzzy logic model used in this work is presented in Figure 8 ; The following components constitute the type-2 fuzzy logic model used in this work;
i. Fuzzification Module: this module maps the crisp input (fire outbreak parameter values) to a type-2 fuzzy set using gaussian membership function. ii. Inference Engine: this module evaluates the rules in the knowledge base against type-2 fuzzy set gotten from Fuzzification module, to produce another type-2 fuzzy set. iii. Type Reducer: Type reducer uses Karnik-Mendel algorithm to reduce an interval type-2 fuzzy set to type-1 fuzzy set.
iv. Defuzzification Module: it maps the fuzzy set produced by type reducer to a crisp output using center of gravity Defuzzification method. v. Fuzzy Knowledge Base: This is a database of rules (rules are generated from experts' knowledge) to be used by the inference engine. vi. Membership Function: This is a mathematical equation that helps the fuzzification module convert the crisp input into a fuzzy set. This work uses the Gaussian membership functions.
The fire outbreak detection system is based on the three linguistic variables (parameters) -Temperature, Smoke, and Flame. The linguistic variables and their universe of discourse are presented in Table II . This work is based on Gaussian membership function which is a mathematical expression used in the conversion of crisp input into fuzzy set. The Gaussian membership function is presented in Equations 1,2 and 3; 
Where: 1 , 2are the centers of the lower and upper Gaussian membership functions respectively. 1 , 2are the variance (or width) of the lower and upper membership functions eis the exponential function is the input vector ̅ ( )is the degree of membership of input in variable of linguistic term .
The membership function partitioning that defines the linguistic terms for each linguistic variable as well as their ranges is presented in Table III , IV, V, and VI. The values ( , ) controls the shape of the membership function. Each membership function used in this work has two (2) control points ( , ), called the variance ( ) and center ( ). The interval type-2 fuzzy logic membership function plots for this system are presented in Figure ( The interval type-2 fuzzy rules defined for this system is a conditional statement in the form: :
∶ is the rule number = 1, … , 1 : is the linguistic variable ̃: is the linguistic term In this system, fuzzy rules are defined using the standard form as; IF temp IS Low AND smoke is Low AND flame is VeryLow THEN FireOutbreak is VeryLow. 
The table below presents the subset of the fuzzy rules used in this system; 
Where;
[ , ] -is the firing antecedent set. 
TYPE REDUCTION
This work employs Karnik Mendel type reduction algorithm (Mendel, 2001) to reduce the interval type-2 fuzzy set to a type-1 fuzzy set for use by the Defuzzification module. This algorithm seeks to find switch points (L, R) and then leftmost point ( ) and the rightmost point ( ) determined by;
̅ have been sorted in ascending order, respectively.
The Karnik Mendel algorithm to find the switch points are as follows;
KM Algorithm for Computing
Step 1: sort (n = 1, 2, … , N) in increasing order and call the sorted by the same, but now 1 ≤ 2 ≤ ⋯ ≤ . Match the weights ( ′) with their respective and renumber them so that their index corresponds to the renumbered . Step 6: Set = ′ and go to Step 3
Step 1: sort ̅ (n = 1, 2, … , N) in increasing order and call the sorted ̅ by the same, but now ̅ 1 ≤ ̅ 2 ≤ ⋯ ≤ ̅ . Match the weights ( ′) with their respective ̅ and renumber them so that their index corresponds to the renumbered ̅ . Step 6: Set = ′ and go to Step 3 The algorithm to find the leftmost and the rightmost points are given in Equation (12) and Equation (13) (Mendel, 2001) , (Mendel and Wu, 2010) , (Wu and Mendel, 2009 );
Defuzzification of the fuzzy set produced by Karnik Mendel's algorithm is done using the center of gravity defuzzification algorithm presented in Equation (14);
RESULTS AND DISCUSSION
The Fire Outbreak Data Capture Device (FODCD) used in capturing the temperature, smoke and flame parameter values for this work is presented in Figure 13 and Figure 14 . The FODCD was used in this work to capture environmental parameters such as temperature, smoke and flame. Figure 13 shows the components of the FODCD connected together using a Breadboard. Component labeled (1) is the Flame sensor, (2) is the Smoke sensor, (3) is the WIFI Module, (4) is the Temperature sensor, (5) is the Arduino Board, (6) is the Capacitor, (7) is the Voltage regulator to put the voltage in the acceptable range. Figure 14 shows the acrylic package of the FODCD. This package is used to house all the sensors, arduino board, and the WIFI module. The FODCD is powered by pressing the switch (white colored) located at the bottom of the device. On power-on, the FODCD broadcast a WIFI signal named "FODCD Device" to the controller device which is an Android device running the "Interval Type-2 Controller for Fire Outbreak Detection" application. The user (Android Device) is required to connect to the broadcasted network in other to start receiving environmental parameters (i.e. temperature, smoke and flame values) that is used for fire outbreak detection.
Using the Fire Outbreak Data Capture Device (FODCD), 30 data points were obtained. This data is presented in Table VIII ; The effect of the input parameters (temperature, smoke and flame) on the fire outbreak is presented in Figure 19 ; Figure 19 : Effect of the input parameters on fire outbreak
The result of fuzzifying the above input parameters using the interval type-2 fuzzy logic algorithm is presented in Table IX . Table X shows the effect of threshold on the system performance. This effect can be visualized in Figure 20 ; Figure 20 and Figure 21 , show that any threshold value below 0.8 or above 0.85 negatively affects the performance of the system. Hence the best threshold for this system is between 0.8 and 0.85 with an accuracy value of 90% and 96.67% respectively.
The result of this system shows that the choice of the threshold value can affect the system's performance; hence care must be taken when choosing the threshold value. The best threshold value is the one with zero percent (0%) error rate and highest possible accuracy and a reduced false positive rate. This system has attained a better performance by using 0.825 as the threshold value. This threshold value can then be generalized to any data point with a varying accuracy between 90% and 96.67%.The result of this system show that a framework for fire outbreak detection based on interval type-2 fuzzy logic is able to detect cases of fire outbreak with minimal error rate between 0.03% and 0.1%.
CONCLUSION
A Framework for Fire Outbreak Detection Based on Interval Type-2 Fuzzy Logic has been able to proffer solution to the problems associated with fire outbreak by providing continuous monitoring of environmental changes that are responsible for fire outbreak such as Temperature, Smoke and Flame.
The system is also able to detect cases of fire outbreak and take remedial actions such as notifying the house owner and then sending a distress text to the fire service with location information. The system can predict a case of fire outbreak with accuracy between 90% and 96.67% when the threshold value is set between an optimal range of 0.8 and 0.85 with a minimal error rate between 0.03% and 0.1%. It is possible to detect and take remedial action during fire outbreak. These actions include the use of a Framework for Fire Outbreak Detection Based on Interval Type-2 Fuzzy Logic to promptly predict cases of fire outbreak.
When this is done, we can protect lives and properties as well as reduce the rate of depression resulting from fire disaster. The combination of sensors, fuzzy controller, and android system gives the best result to the problem of fire management.
